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Abstract 

The principles of behavior of the system with discrete interactions are applied to description of motion of 
the relativistic particle. Applying the concept of non-local behavior both to position in space and to time, the 
apparently covariant equation of motion of the particle (Klein- Gordon) is defined. Based on the assumption that 
the form of the equation has to be invariant in inertial reference frames, the principle of constancy of the speed of 
light can be deduced. Consequently the basic statements of special relativity can be established in relation to the 
principles of discrete interaction. 

The condition that Klein-Gordon equation was established without explicit use of the principle of correspondence 
gives a way to specify the area of applicability of the statement about the speed of light as the maximal speed of 
propagation of information. This would permit interpretation of superluminal phenomena with no contradictions 
to special relativity. 

The conventional interpretation of time as a category which specifies succession and coexistence of events leads 
to interpreting of the Klein-Gordon and related equations (such as Maxwell or Dirac) as equations of the fields. 
This would justify the procedure of second quantization, so that the states of the field are identified with the sets 
of particles. 



1 Introduction 

The special theory of relativity in its classical for- 
mulation [1] is based on the universally accepted 
principle of locality of interactions, the principle 
of relativity, that the character of behavior of a 
physical system is the same in inertial systems 
of reference, and constancy of speed of signal, 
conducted by light. This implies invariance of 
Maxwell equations, which were considered as fun- 
damental and postulated independently. Alter- 
natively, Maxwell equations are supposed to fol- 
low from local invariance of the Lagrangian under 
U(l) transformations; Lagrangian of the system is 
essentially defined in a way that it has a covariant 
form. Similarly for other types of interactions, the 
system of principles used today, is the definition 
of the group of internal transformations, princi- 
ples of relativity and constancy of the speed of 
signal (light). The covariant form of equations 
of motion for particles (fields) essentially follows 
from these principles. The principle of constancy 
of the speed of signal applied to interactions of all 
types is interpreted as the principle of constant, 



maximal speed of propagation of an interaction. 

It may be noted, the statement about con- 
stancy of the speed of signal, conducted by light, 
may assume either constancy of the speed of sig- 
nal as such (in the broad sense, a generic name 
for the mechanism of propagation of information 
between physical objects separated in space), or 
constancy of speed of possible propagators of the 
particular signals (such as photons), which are 
material objects with certain properties. The first 
assumption seems to be in contradiction with the 
well known superluminal phenomena in quantum 
systems: for a quantum system an interaction 
with one component of the system may have a 
seemingly instant effect on the other component. 
That means information about the state of this 
component is instantly reaching other components 
separated with the given one in space. The con- 
troversy of the predictions made by quantum the- 
ory and special relativity was noticed by Einstein, 
Podolky and Rosen in 1935 [3]. This was at- 
tributed to the fact that quantum theory is not 
complete. The approach was further developed 
by Bell in 1964 [4], with very many experiments 
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to follow (to mention just a few [5], [6]). The 
theoretical conclusion of the thinking experiments 
discussed in the pioneering papers (as well as in- 
terpretation of the real experiments) was the con- 
cept of entangled state in the quantum system 
introduced by Schrodinger [7], which implies that 
measurement conducted on one component of the 
quantum system has an instant effect on the other 
component. This may be interpreted as an indica- 
tion of the phenomenon that the events inside the 
system have a common cause or, alternatively, in- 
formation propagates within the system with an 
infinite speed. More strongly (the currently ac- 
cepted point of view) the phenomena are inter- 
preted in a way that the principle of locality is 
not applicable to the quantum system in entan- 
gled state (non-locality of quantum mechanics). 

Note that the kind of correlation dependence 
between the components of the system postulated 
by the model of entanglement of states does not 
permit to pass information to the observer with 
an infinite speed and in this respect obviously 
does not contradict to special relativity. The model 
implies though, that cause-effect relation applies 
instantly to spatially separated components of the 
system, which is basically the definition of action- 
at-a-distance (albeit not dynamic). 1 That means 
that the of applicability of the principle of 
locality versus act ion- at- a- distance, which is the 
basic assumption of special relativity, should be 
clearly specified. 

More precisely, if imply constancy of speed of 
propagators of the signal, we must specify due to 
which of their properties, these objects can move 
with the speed, which is constant in all inertial 
reference frames. 2 Note that generally speaking, 
the statement about constancy of speed of the 
signal, defined without a study of possible prop- 
agators (from which it may follow), in a sense 
is similar to postulating of elastic properties of 
solids based on the general thermodynamical ap- 
proach, without considering the appropriate mod- 

1 The common argument that this is not a physical action, but 
statistical correlation must be scrutinized. Statistical correlation, as 
discussed by EPR, would imply preexistence of the particular values 
of the parameters, as prescribed to both components of the system: 
in disagreement with the principle of uncertainty. 

2 We do not mean here the obvious condition that the particles 
are massless, as the equation of motion of these particles initially 
was formulated in the covariant form. 



els of solid state physics. 3 The theory is self- 
consistent but restricts the study of the physical 
reality at a certain level. 

It appears that the model of discrete interac- 
tions gives the way to obtain the results com- 
monly associated with the postulate about con- 
stancy of the speed of light, without leading to the 
contradiction of the conventional approach. We 
consider this in more detail. We use the results 
and definitions established in [2] without special 
references to it. 

2 The principles of discrete interaction 
applied to behavior in time 

The principles of behavior of the system with dis- 
crete interactions (Dl-system) as defined in [2] 
can be formulated as follows 

(i) The parameters of a physical system are 
defined in process of its interaction; 

(ii) Interaction is discrete. 

The basic principles in particular imply that 
between interactions, which detect the particular 
value of the parameter, the Dl-system has any 
possible value of this parameter, what makes a 
major difference with the behavior of the classi- 
cal system. In particular, that means that the 
description of the particle in space is fundamen- 
tally non-local. As a state between interactions 
(intermediate state), we prescribe to the particle 
the set of positions it may enter, not one single 
position for each moment of time as used to be in 
the classical theory. So detection of the particle 
in space is not similar to registering of existing 
position, but something like choosing of the par- 
ticular element (position) from the set. 

In [2] the behavior of the system was consid- 
ered for the case when time was prescribed to the 
Dl-system continuously. Each distribution ^(r) 
may be uniquely identified by the value of the 
parameter t, which has a meaning of time as de- 
fined in the reference frame, so that g-probability 
ty(r,t) describes the state of the system continu- 
ously in time. In other words, the model specifies 
the Dl-behavior in space and classical in time. 
Space coordinates were interpreted as physical 

3 A kind of argument used by Wheeler in speaking about the 
general relativity [9]. 
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parameters: interaction is needed to detect the 
value of the coordinate; time was considered as a 
variable: it was prescribed to the system indepen- 
dent of any interactions. 

The essential generalization of the approach 
is to consider the case when time is also inter- 
preted as a physical parameter: the interaction is 
needed to detect the value of time, which may be 
prescribed to the system. According to our gen- 
eral approach, we assume that interaction of this 
type also has a discrete character. That means 
that the particular single value of time may be 
prescribed to the system, only if detected in the 
particular moment, as specified by the clock in the 
reference frame. For discrete interaction, at the 
particular moment of time the system may not 
interact with any detector located at any point in 
space; for each state between detection (as spec- 
ified by distribution ^(r)) 4 a set of values t may 
be prescribed to the system. 

Consider the case of a scalar particle. In be- 
tween interactions, the state of the particle in 
space is described by the distribution \l/(r). In 
the non-relativistic model [2], the set of distribu- 
tions \l/(r) is defined for the interval At between 
interactions, so that for each t e At, a distribu- 
tion ^ = ty(to,r) is specified. The single value 
of time t = t is associated with the particular 
distribution \l/(r). In the present model a set of 
values t is associated with each distribution \l/(r), 
or alternatively, a set of functions ^(r) is defined 
for any single particular value of the parameter t. 

In [2] we have defined an intermediate state of 
the particle in space as a set of positions which is 
prescribed to the particle for the particular mo- 
ment in time. Taking into account that within 
the present model, for each distribution ^(r), or 
alternatively for each position r, the set of values 
of time is prescribed to the particle, we introduce 
intermediate state in time. 



4 Time can be measured as an interval associated with a process: 
cither for motion of a body relative to another body, or for change 
of internal state. In cither case time may be measured only in rela- 
tion to change of the state of the system (otherwise, for a stationary 
state, time is being prescribed to the system). Consider a body in 
motion. We prescribe to the body different values of time according 
to changes of its position, or more generally, position in space and 
internal state. If the state of the system is characterized by a distri- 
bution ^(r) we prescribe different values of time t to the different 
distributions. 



Definition An intermediate sate of the particle 
in time is the set of values of time, which may be 
prescribed to the particle for the given particular 
position in space. 

3 Equation of motion of a particle 

We establish the equation of motion of a particle 
based of the following 

Definition[j] : Entering of an intermediate state 
in space for the particular moment in time can be 
presented as entering of an intermediate state in 
time for the given position. 

This may be interpreted as the property of 
time. Alternatively we use much weaker con- 
dition: we postulate existence of the parameter 
t G R with the property [f]. This parameter can 
be identified with time as conventionally defined, 
provided we can show that it has the properties of 
time, that is, can be used to specify the sequence 
of events. 

Consider motion of the particle without inter- 
nal states. The Dl-particle is defined as a physical 
system with the property 

Definition]^. If the Dl-particle enters interme- 
diate state in space which includes a position r, 
the g-probability 0(r + 5r) that this state also in- 
cludes a position r + 5r, rapidly decreases with 
the growth of 5r. 

We generalize this by adding the same con- 
straint for the value t (for convenience we will 
call the values of t moments). 

The g-probability that the particle enters an 
intermediate state, which includes the position r 
at the moment t may be estimated in two different 
ways. We define -Pr( r ? as g-probability of enter- 
ing of an intermediate state in time for the given 
position r, "in vicinity" of the given moment t. 
That is, if the particle stays in the state, which 
includes the given position r at the moment t±, 
the same state (no ordering specified) contains r 
also at the moment t, so that by definition 

/oo 
tffrtiMr^tOdti, (1) 
-oo 



3 



here \I/(r, ti) is the g-probability that the particle 
stays in intermadiate state, which includes r at 
the moment t± — t + St, 0(r, t, ti) is g-probability 
that if the state of the system defined by its po- 
sition r includes t±, it also contains t. According 
to the definition 

0(r,Mi) = <£(r,ti,t)- 

We also define P R (r,t), as g-probability of en- 
tering of an intermediate state in space for the 
given moment t, in vicinity of the given position 
r. That is, if the particle stays in the state which 
includes the position ri at the given moment t, 
this state also contains r, so that by definition 

P R (r,t)= f ^(n,^,^)^, (2) 

here ^(r^t) is g-probability that the particle at 
the moment t enters the intermadiate state which 
includes the position ri = r + 5r, 6(t, r, 1*1) is the 
probability that if the state contains ri at the 
moment t it also includes r at the same moment 
t. According to the definition 

0(t,r, ri ) =0(i,r 1 ,r). 

Consider the special case of homogeneous space 
and parameter t. Suppose existence of the refer- 
ence frame A, which is defined for homogeneous 
space and parameter t: the characteristics of be- 
haviour of the particle in this system do not ex- 
plicitly depend on its position in space or the 
value of t. We call this reference frame inertial. 
For the inertial reference frame A, 9(t, r, r + 5r) = 
9(Sr) and </>(r, t, t + 5t) = 4>(5i) do not depend on 
r and t. 

According to the definition <f)(5t), 6(5r) are even 
functions of their arguments. For isotropic space 
9(5r) = 9(5r), depends only on the distance be- 
tween two positions. Recalling that for the parti- 
cle the functions 9(Sr),4>(St) are rapidly decreas- 
ing with the growth of their arguments and using 
the expansion ^(h) = V(t) +St^ + ^0 + . . ., 
within the accuracy of r 2 = (St) , we have 

/oo 
0(r)dr 
-oo 



+ 



l<9 2 ^(r,t) 
2 dt 2 



/oo 
r 2 0(r)rfr, (3) 
-oo 



and similarly using expansion for \l/(ri) in vicinity 
of r, within the accuracy of p 4 = (5r) 4 , we have 

r r°° 
P R (r,t) ~ 4tt tt(r,i) / p 2 9{p)dp 
1 Jo 

+A*(T,t)-j Q P 4 9(p)dp\. (4) 

According to the definition [f] 

P T (r,t) = P R (r,t). (5) 

Assumed Jf^ <5 2 0(r)c?r ^ 0, (5) can be presented 

as 

= c 2 A^ - m 2 c 4 ^, (6) 
dt 2 v 1 

which has the form of Klein-Gordon equation for 

the scalar particle with the mass m, here 



C 2 = 4?r Jo 00 P%P)d P 



and 



2„4 



m c 



r)dr - An J °° p 2 9(p)dp 

JZcT 2 <P(T)dT 



(7) 



(8) 



Non relativistic limit. 

Note that in our previous discussion, even though 
we were using the term moment of time, we only 
introduced the parameter t with the property [f ] . 
This parameter can be identified with time if we 
show that it may be used to specify coexistence 
and succession of the events (property conven- 
tionally associated with time). On the other hand 
in the non relativistic case when define 
Schrodinger equation, we use the property of time: 
the value t is used to mark subsequent events. 

Schrodinger equation can be obtained from the 
Klein-Gordon equation by the ordinary 
method for the case, when g-probability is com- 
plex and can be presented in the form \1/ = ty e~ imc 1 , 
so that mc 2 . In this case substitution of 

* into (6) (h=l) will give 



.d_ 
'dt 



*o = -^A* + (I). 



The fact that Schrodinger equation, established 
using conventional interpretation of time, can be 
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also obtained from Klein-Gordon equation can be 
interpreted as in indication that the parameter 
t formally defined according to [f] does have the 
meaning of time as defined in the classical sys- 
tem. That means we can consider the behavior 
of the DI particle in the reference frame as con- 
ventionally defined by the set of scales (rods) in 
space and clocks. 

Consider now the equation of motion of a par- 
ticle in the other reference frame A', which is mov- 
ing relatively to A with the constant speed v in 
the direction x. The reference frame A' is de- 
scribed by the set of coordinates r' = (x', y', z') 
and time t' . The essential choice of the scales for 
x' and t' should be determined by the condition 
that for v — > 



here ty(r',t') is g-probability of entering of the 
position r' at the moment t' as defined in A' 



x 



x + vt, 

t'^t. 



(9) 



In this case, provided that A' describes homoge- 
neous space and time, x',y',z',t' should be lin- 
early related to x, y, z, t. Without loss of general- 
ity consider y — y', z — z', 



t' 



x 



ant + a 12 x, 
a 2 \t + a 2 2%, 



(10) 



an, CX21, «22 7^ 0. The lengths in space and an 
interval of time defined in A' will be 

5x = a 22 5x, 5y' = 5y, 5z' = 5z, 

5t f = a u 5t. (11) 

All arguments used to establish (6) for A can be 
repeated for A', so the equation of motion of the 
particle will have exactly the same form as (6), 
though the coefficients in the equation, which de- 
pend on the choice of scale for unit length in 
space and time, may be different. So we have 
for ty(r',t'), which specifies the g-probability of 
entering the states in A', 

d 2 ^(r',t') 2 d 2 V(r',t') 2 g£(rVQ 

dt' 2 ~ ° x dx' 2 +Cy dy' 2 

2 d 2 ^(r',t') 2 4t/ , /\ 



J™ 00 (6x') 2 6'd(6x')d(6y r )d{6z') 



similarly for c y and c z , 



(13) 



2 4 _ JZofdr' - J v 9'd(5x')d(5y')d(5z') 



JZoT' 2 <P'dT> 



(14) 



The functions 0', 6' are defined as 
4>'(5x',5y',5z') = (ft(a 22 5x,5y,5z) and 6'{5t') 
6{ai\5t). In the case when 



a n = 1 + ei, |ei < 1|, 
a 22 = 1 + e 2 , |e 2 < 1|, 



(15) 



recalling the results of Appendix we obtain that 

fi = TO, 



2 _ 2 _ 2 _ 2 
C x ~ C y ~ C z ~ C ■ 



(16) 



The ratio (7) is a constant (of a particle), invari- 
ant in inertial reference frames, if the intervals 
8x, 5t are transformed according to the formulae 
(11). 

On the other hand, the equation of motion (12) 
may be derived from (6) by transformation of co- 
ordinates and time, so that we have 

d 2 ^(r' f ) 

I 2 2 2 \ u * V 1 ' 1 ) o/ 

(a n - c a 12 ) — 2(a u a 21 



dt' 2 



21 f„2„,2 



c c a 



22 a 21 



-C 2 a 2 20L\2) 

d 2 V(r',t') 

dx' 2 



d 2 V(r',t') 



dt' dx 



+ 



V(r',t') W,0\ 2 4t / / a 



Equations (12), (17) are equivalent if 

ana 2 i — c 2 a 2 2«i2 = 0, 



2 2 2 2 2 

a n — c a 19 = c a 99 — a 



'12 



22 "21 



1. 



(17) 



(18) 



This, together with the condition (9), uniquely 
identifies the val 
transformations. 



identifies the values coefficients of Lorenz 



dz' 2 



(12) 



c«2i = «n = cosh 7, 
«i2 = ca 2 2 = sinh7; ^ = v/c. (19) 
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Consider the other type of particle. Repeating 
the previous arguments, we define the equation of 
motion of the particle in the reference frame A 



d 2 ^jr,t) 
dt 2 



= c?Af(r,t)-cX*(M), (20) 



the coefficients in the equation are defined by the 
expressions of the form (7), (8), with the functions 
0i, 9i, which specify the behavior of the given 
particle. 

Similarly for the reference frame A', recalling 
the results of the Appendix, we obtain the similar 
equation (with the same coefficients) 



d 2 ^jr',t') 
dt' 2 



c?Af(r',0-cV?*(r'0. (21) 



The equations are inferred independently in each 
reference frame based on the definition [t], which, 
we suppose, has the general character and holds 
in all reference frames. On the other hand (21) 
may be obtained from the (20) by transformation 
of coordinates and time according to the formulae 
(10) which links the definitions of the reference 
frames. The necessary condition for that is 



an«2i — c 1 a 2 2«i2 = 0, 



(22) 



aiij = «jj(ci). Comparing this with (18) we con- 
clude that Ci = c, which is a fundamental con- 
stant: describes motion of an arbitrary particle. 

Note that (6) can be considered as an operator 
equation 



= (c 2 p 2 + c 4 m 2 )q, 



(23) 



here H = i J^, and pj = —i^r, j = 1, 2, 3 (we use 
h = 1). The meaning of the operators is the same 
as in the non relativistic case, which was discussed 
in [2]. The formula (23) essentially implies the 
equation for eigenvalues of operators 



E 2 = c 4 m 2 + c 2 p 2 , 



(24) 



which has to be invariant in inertial systems of 
reference. This in particular implies that the set 
(E, p) has properties of a vector in relation to 
Lorenz transformations. 

As we see the concepts of special relativity 
are appearing when consider equation of motion 
of the Dl-particle, provided the parameter t at- 
tributed to the particle has the property [f]. As 



noted above this parameter can be identified with 
time (with the conventional properties of succes- 
sion and coexistence of events) based on the con- 
dition that the Schrodinger equation can be ob- 
tained from the Klein-Gordon equation. 

4 Multi-component particles 

We considered motion of a scalar particle, that is 
the case when the state of the particle is described 
by a single function \I/(r, t). Similarly we can 
define equation of motion for a multi-component 
particle. 

We discussed motion of the particle in space. 
The essential generalization of the approach is to 
consider non-coordinate states as well. Consider 
equation of motion of the particle with internal 
state described by the variable v. In this case we 
define 

P T (r, v,t)= J *(r, ti, fi)0i(r; t, v\ t u v x )dt x dv x , 

(25) 

0i (r; t, v\ ti, v\) is g-probability that if the state 
of the particle for the given position r includes 
time t and the internal state u, it also includes 
the time t\ and internal state v\. 

P R (r, v,t) = j tf(ri,i/i,t)0i(t;r, v\ ri, v x )dv x dv x , 

(26) 

9i(t; r, v\ ri, v) is g-probability that if the state of 
the particle for the given moment t includes the 
position r and the internal state u, it also includes 
the position ri and internal state v x . 

Here two main cases may be distinguished: 

(i) the variable v is continuous; no special con- 
straints on the type of the functions 

6 i{t; r, v\ ri, u), 0i(r; t, v\ ti, Vi) are imposed. The 
Dl-system enters an intermediate state which is 
defined as a set of positions and internal states 

(ii) the variable v is discrete; the functions 
9i(t] r, v\ i*!, ui), 0i (r; t, u; ti, Vi) have the form 

9i(t] r, v\ ri, vi) = 9 r (t] r; ri)5 UtUl + S(r - ri)h u>Ul , 

0i(r;t, v;ti,vi) = t (r; t; ti)5 u>Vl + S(t - ti)h u>l/1 , 

SQ is Dirac S- function, 5ij is Kroneker 5-function, 
hij is a symmetric matrix. Transition between 



6 



internal states is allowed only in the same point 
in space and in time. 

Consider discrete set of internal states v e S, 
so that the behavior of the Dl-particle is described 
by the set of functions \I/„(r,t). Expansion of the 
integrals in (25) and (26) leads to the formulae 
similar to (6) for ^> v . The equation of motion of 
the particle in the given inertial reference frame 
A will be given by the formulae of the type (6) for 
each component Recalling that in the other 
inertial reference frame A', the equations of mo- 
tion (established independently) should have the 
same form we should assume that either the set 
of functions is the set of scalars, or more gen- 
erally, this set represents components of a tensor 
or a spinor. 

Recalling that Klein-Gordon equation defined 
for the set ^(r, t) with the rules of transforma- 
tion as for a spinor represents Dirac equation; 
Klein-Gordon equation defined for the set ^(r, t) 
with the rules of transformation as for a massless 



vector represents Maxwell equations, 5 etc. we can 
conclude that as long as the Klein-Gordon equa- 
tion is established, the other types of equations 
of motion may not need to be inferred from the 
first principles. That is, the principles of behav- 
ior defined for Dl-system, which allow us to estab- 
lish Klein-Gordon equation for the scalar particle, 
in the case of the multi-component particle will 
lead to the appropriate equations of the relativis- 
tic quantum theory. 

5 The particle with internal state 

Consider now equations (25), (26) for the case 
when intermediate state is defined as a set of po- 

5 Maxwell equations 

Consider Klein-Gordon equation for the components of the vector 
A = (A ,A) 

dxk dx k 1 ^ ^ 

The property that Ai is a vector means that inner product of Ai 
with any other vector is a scalar, or alternatively 



d 2 Aj 
dxidx k 



4-7T 

Jk, 

c 



(28) 



where jk = ~t~ tt 2 " ^ s a vector. For a tensor defined as 



Fik 

using (27) and (28), we obtain 
dF ik 
dx 1 



9A k 
dx % 



OAj 
dx k 



An 

— jk; 



this, with the identity 



e ijkl9Fik =Q 

dxl 



(29) 



(30) 



where e % i kl is a unit anti-symmetric tensor, constitute the set of 
Maxwell equations. 



Dirac equation 

Consider Klein-Gordon equation for the components of the spinor 
d d 



(V1,V2) 



here 



dx k dx k 



rn = D\D2Vi = m rn, 



( _9_ ±(Tfe _9_ ) 

dxo dx k 



(31) 



o-fc, k = 1,2,3 are Pauli matrixes. Recalling the generic property, 
that for a spinor r\i and 4-vector v l , i = 1,2,3, the product (v° + 
0iV % )r)i transforms as a spinor, we define a spinor 



f. j = —D 2 r]i; 
m 



substitution into (31) gives 



Di/jp — mrji = 0. 



(32) 



(33) 



The formulae (32), (33) is a set of Dirac equations for the bispinor 

0?i:M 3 ) 
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sitions and internal states v. with the coefficients given by the formulae 

We use <()(5t,5is) = (j>i(t, v\ ti, vi), where 8t — 
ti — t, 8v — v x — v and 9(5r, 8v) — 6i(r, is; v), R = j j 4> s (r,t,8v,8r)d(8v)d(8t) 

where 5r = r 1 — r. According to the definition 



(f)(5t,5u) = (f)(-5t,-5v), (34) 

and 



- / / e s (r,t,5is,5r)d(5v)d(5r), 

J v JV 

(41) 



e(8r,5v) = 9(-8r,-8v). (35) Rl = I f f 9 s (r,t,8u,8t)8r 2 d(8u)d(8r), (42) 

2 J v Jv 

That is, if 6 is presented as a sum of symmetric I r r°° 

and anti-symmetric terms Qi = - / (f) s (r,t,8i',8t)8t 2 d(8i , )d(8t), (43) 



2J V J- 



oo 



6 = 6s + a , (36) 

so that 



R 2 = f j e a (Y,t,5v,5Y)5x i 5vd(5v)d(5Y), (44) 



which, according to the definition, is a vector in 
e,(8r,8v) = e 3 (-8r,8v), E ^ 
9 s (5r,5v) = 9 s (5r,-8v), (37) 



and 



r roo 

Q 2 = (t> a {r,t,8v,8t)8t8vd{8v)d{8r), (45) 

J V J —oo 



e a (8r,8v) = -e a (-8r,8v), /?„ = I 

6 a (6r,6u) = -e a (6T,-6v), (38) 



R 3 = -(JJ v 9 s (r,t,8is,8r)5is 2 d(8is)d(8r) 

, . , /' f % M^t,8u,8r)8u 2 d(8iy)d(8t)). 

v s , a {8v,8v) = v Sta (dr,dv,t,r) is also a lunction of JuJ -oo ' 

t, r. Similarly for = 4> a + <p s . (46) 

According to the general approach, the expan- 
sion of \I>(r v) in (5) gives Assume Rj, Qj do not explicitly depend on r, 

t, in this case, similarly to the previous, we use 

/ r (f)(r,t,v;8is,8t) notations 

J V J —oo 

/ dty 8t 2 d 2 ^ c 2 = Ri/Qi, c A m 2 = R /Q 1 . 

„ „ „ Consider the case when 

+ mv tofo + °^m d ^ = *(r, „) = exp(i«#(r), (47) 

X X ^^ r ' < ^ Z/ ' ^ which corresponds to the internal symmetry U(l) 

SxhSx d 2 ^ as specified by the values of u, with the constraint 
xN> + 8x k — + 8v—+ 3 + 

v dx k dv 2 9^9^- (K 2 /c) 2 -Ql = 4R 3 - (48) 

+ ~~d^ + 5Xk5u dx~k~d^ + ( 5x l)) d ( 5r ) d ( 5 ")- after renaming of the variables 

(39) cA = -R 2 /2Q 1 , A = Q 2 /2Q 1 , 

Recalling (36), (37) and (38), we obtain we h a y e 

<9 2 \I> <9 2 \1> / d 2 d x / ex 

+ = («> +2ie *«)* = ^-m-av)* 

R^ + R^V + Ri-^ + R^, (40) cm ^ e ^ A 

oxidv dv 1 (49) 
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For 



(49) can be presented as 

(4- e x ) 2 * = c'(- i A-^,) 2 *+cW, 

(51) 

which has the form of equation of motion of a 
particle, with the charge e (e has discrete values, 
see [2]) in the field A(r). The expression is ob- 
viously invariant in the inertial reference frames. 
It may be noted that the constraint (48), which 
implies relativistic invariance of the system, can 
be regarded as a necessary condition of existence 
of the system with U(l) symmetry, as specified 
above. 

The vector field A = A(r) may be interpreted 
as an electromagnetic field: would we consider the 
equation of its motion in time (a standard equa- 
tion of motion for massless vector Dl-particle) we 
obtain Maxwell equations. 

Note that the approach may be applied to the 
general case of internal symmetry with the re- 
sulting equation of the form (51), which implies 
covariant derivative in the equation of motion. 

6 Conventional interpretation of time: 
the concept of second quantization 

The definition [f] and the Klein-Gordon equation 
was based on the statement that a set of values t 
are to be identified with the particular distribu- 
tion ^(r). This can be also stated as: 

The set of distributions \l/(r) is defined for the 
particle for each particular moment in time t. 

The statement is similar to definition of the DI- 
field as specified in [2] in the environment where t 
has conventional meaning of time, that is the vari- 
able which specifies coexistence and succession of 
events. In the more convenient notations 4>(r, t) = 
^(r, t), where 0(r,t) = Ok(^)e ikx , can be in- 
terpreted clS du Dl-field with g-probability \l/(ak), 
so that the function \I/(ak) satisfies Schrodinger 
equation in the vector space {a k }. 



As demonstrated in much detail in [2], the 
model of behavior of the Dl-field is identical to 
the appropriate model of quantum field theory. 
In other words the statement [f] and consequently 
the Klein-Gordon equation would lead to the defi- 
nition of the appropriate DI (quantum) field, pro- 
vided conventional interpretation of the variable 
t. This would be similar to second quantization 
as defined in quantum field theory. 

It may be noted that the definition of the Dl- 
field, established in relation to the appropriate 
classical field equation, leads to the concept of 
Fock space and emission-absorption operators 
A k , A[_, so that the states of the Dl-field are iden- 
tified by the set of consecutive integer energy lev- 
els. This however does not imply that that these 
states are to be represented by the sets of point- 
like particles, as interpreted in quantum field the- 
ory. The condition that the states of the Dl-field 
represent sets of particles is a consequence of the 
statement that the Klein-Gordon equation was 
established as the equation for the particle: the 
condition [f] was used. In this case the different 
energy states E n of the Dl-fields may be identified 
with the sets of particles. This would be appli- 
cable to all the fields derived from Klein-Gordon 
equation, such as Maxwell or Dirac, provided the 
constraint that commutation relation specified for 
the operators A^, A^ would imply the particular 
energy spectrum end consequently statistics for 
the ensemble of particles, which corresponds to 
the given Dl-field. 

7 Discussion: Superluminal effects in 
quantum systems 

Based on the previous discussion we can come 
up with the definition of the signal as the pro- 
cess of propagation of a massless particle, which 
will have the same constant speed c in all iner- 
tial reference frames. The fundamental property 
that the speed of the signal is the same in inertial 
reference frames in this case would follow from 
the definition [f]. Clearly if the signal is used for 
sinchronization of the clocks in the different ref- 
erence frames, or measuring of the distances, the 
appropriate quantities measured in the different 
inertial reference frames wold relate to each other 
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as specified by Lorenz transformations. Based on 
that, the conclusion can be made that as long as 
interaction between spatially separated parts of 
the system is conducted by sending of a particle 
(or the appropriate wave), the speed of propaga- 
tion of interaction can not exceed c. 

Indeed, the equation of motion for a scalar DI- 
particle has the form of Klein-Gordon equation, 
invariant in inertial reference frames. For multi- 
component Dl-particles, with the different rules 
of Lorentz transformations for their components, 
the equations of motion, which would follow from 
Klein-Gordon (such as Dirac or 
Maxwell equations, etc.) would be similar to con- 
ventionally defined in the relativistic quantum the- 
ory. The conventional interpretation of time as a 
category, which specifies succession and coexis- 
tence of events, leads to interpreting of the Klein- 
Gordon and related equations as equations of the 
fields, which would justify the procedure of sec- 
ond quantization, with the states of the field iden- 
tified by the sets of particles. Within all inter- 
pretations, the equations, established in explic- 
itly covariant form, would confirm the statement 
about c being the maximal speed of propagation 
of interactions, with the principle of locality of 
interactions clearly applicable. 

On the other hand, as long as we do not dis- 
cuss the question what plays the role of the carrier 
of information inside the system, thus do not set 
a restriction that information is only conducted 
by a particle or a field, we do not need to as- 
sume that the speed of propagation of information 
is finite. That is basically pre-relativistic con- 
cept of action-at-a-distance revisited. It may be 
noted that in [1] the signal is defined mech- 
anism of passing of information with the speed 
constant in the different reference frames. The 
definition was subsequently re-interpreted and ac- 
quired the present generic meaning of the mech- 
anism of passing of information in space and in 
time. Would the signal be interpreted in its orig- 
inal meaning, the relativistic approach would not 
exclude the concept of action-at-a-distance. This 
avoids controversies normally associated with EPR 
or Bell paradoxes in quantum mechanics. As long 
as we assume that in the particular systems in- 
formation may propagate with an infinite speed, 
interaction applied to one of the components of 



the system will instantly affect all the others. 

Consider the thinking experiment suggested by 
Einstein at the Fifth Solvay Congress (we refer to 
the description given by Jammer [11]). A quan- 
tum particle is passing through a small hole in the 
diaphragm so that it is diffracted and then im- 
pinges upon a hemispherical scintillation screen 
located behind the diaphragm. The conventional 
interpretation of the experiment would assume 
that the wave function, which describes the par- 
ticle after passing the hole, will be defined as 
a spherical wave which propagates towards the 
screen. It was noted by Einstein that if the wave 
function represents not an ensemble but an indi- 
vidual particle, before the scintillation takes place, 
the particle must be considered to be potentially 
present at all points in the vicinity of the screen. 
When the particle is detected at the particular 
point of the screen there is a "peculiar action- 
at-a-distance" which prevents the particle to be 
detected at another position on the screen. The 
statement would be in perfect agreement with 
the present approach. The definition of the DI- 
particle implies that before interaction the set of 
positions in vicinity of the screen will be pre- 
scribed to the particle. The effect of action-at- 
a-distance noted by Einstein in this model would 
be a synonym to interaction, which by definition 
would mean selecting of the given position from 
the set. 

The approach should be generalized to include 
the case of detecting of the particular component 
of the composite system, which may consist of 
several components, separated in space. Consider 
fission of a particle into two, this is the system 
which may consist of one (fission is not detected) 
or two components (fission is detected), which is 
the common setting of EPR-type experiment. To 
define that the system consists of the two parti- 
cles the detector should interact with it: before 
interaction, we cannot identify whether the sys- 
tem consists of one or two particles. In quantum 
mechanical terms we are talking about superpo- 
sition of states one-two components. Interaction, 
which is required to define the number of compo- 
nents of the system, is applied to the system as 
a whole and should affect the system as a whole, 
that is, each of the components instantly. The 
next interaction is not conducted on the system 
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whole, as the system is identified to con- 
sist of two particles. The system is transferred to 
the particular state, in which the components are 
identified, that means interaction is conducted on 
the particular component, so that two separate 
particles are considered explicitly. 
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8 Appendix 

Consider the transformation 



ti=*(l + e), e < 1. 



Using the expansion 



oo k ah A oo Jt + k 

^i)MWi + £ )) = Ero = E 



fe=0 fc! de* ^ k\ dt* 



e=0' 



we obtain 

/oo 
t>(ti)dti = 
-oo 



/OO - ^~ 



fc! <9t fc 



^l + e f +1 rft= (i + e )™+ 1 [^(_)' 



fc=0 



(fc + n)! fc 
A;!n! 



(52) 



(53) 



/OO /"OO 
(j){t)t n dt= / 0(t)t n rft; 
-oo J —oo 

(54) 



while doing integration by parts for (f)( n \ we use that (p^it) = for t — > ±oo. The formula for 
n = 0, 2 confirms invariance of the integrals as discussed in the paper. 
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